Introduction
============

Chronic hepatitis B (CHB) is one of the most common of chronic viral infectious diseases, which is mainly transmitted by contacting the blood and body fluids of the infected people ([@b1-etm-0-0-6673]). More than 350 million people have been infected with CHB all over the world so far. CHB is the leading cause of liver cirrhosis and hepatocellular carcinoma as well as death of nearly 600,000 people every year, becoming one of the worldwide primary health problems ([@b2-etm-0-0-6673]). Currently, the control rate of CHB is \<0.5% in some regions, and the disease mainly occurs among young people. In some regions of Asia and Africa, mother-to-child transmission is the most common route of transmission of CHB, with a prevalence rate exceeding 10% ([@b3-etm-0-0-6673]). CHB is characterized by recurrent attacks and prolonged courses, and it can easily induce liver fibrosis, thus leading to liver cirrhosis ([@b4-etm-0-0-6673]). The pathological characteristic of liver fibrosis is excessive deposition of extracellular matrix (ECM) in perisinusoidal space. Hepatitis B virus (HBV) is the initiating agent of aggravated severity of CHB, and apoptosis of liver cells induced by varying degrees of inflammation plays an important role in the outcome of CHB ([@b5-etm-0-0-6673]). Matrix metalloproteinase-9 (MMP-9) is a type of polypeptidase that can hydrolyze ECM ([@b6-etm-0-0-6673]), but the relationship of its level with the severity of CHB still remains unclear at present. In this study, the correlation of MMP-9 with inflammation was investigated by means of analyzing the MMP-9 expression in different inflammation grades and fibrosis stages of CHB, hoping to provide a basis for controlling and reversing exacerbation of CHB degree.

Patients and methods
====================

### Clinical data

A total of 96 CHB patients admitted and treated in Dongying People\'s Hospital (Dongying, China) from December 2016 to November 2017 were selected as the observation group. The inclusion criteria were as follows: i) patients who met the diagnostic criteria of CHB ([@b7-etm-0-0-6673]), ii) patients who did not receive antiviral therapy before admission to hospital, and iii) patients who signed informed consent. The exclusion criteria were as follows: i) patients with hepatitis A, C, D and E, and ii) patients with malignant tumor as well as pregnant and breast-feeding women. In addition, a total of 60 unrelated healthy individuals in the physical examination center during the same time period were selected as the control group. There were no statistically significant differences in the general data of the two groups of patients (P\>0.05), and the data were comparable ([Table I](#tI-etm-0-0-6673){ref-type="table"}).

This study was approved by the Ethics Committee of Dongying People\'s Hospital. Signed informed consents were obtained from the patients or guardians.

### Methods

A total of 5 ml venous blood was collected from every research object (fasted for 8 h from 7:00 a.m.), and was centrifuged (Eppendorf Shanghai International Trade Co. Ltd., Shanghai, China) at 950 × g for 10 min and then stored in a refrigerator at −20°C. Enzyme-linked immunosorbent assay (ELISA) was used to detect the levels of MMP-9, tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) in the serum, relevant kits were provided by Beijing Donggeboye Biological Technology Co., Ltd. (Beijing, China) and the operations were performed in strict accordance with the kit instructions. The sample (diluted at 1:2) was added into the wells of microplate reader (Shenzhen SinoThinker Technology Co., Ltd., Shenzhen, China), with 100 µl enzyme-labeled solution in each well. Then the sample was incubated at 37°C for 90 min, and the microplate reader was washed 3 times. After that, 50 µl of color developing reagent solution Aand B was added and mixed respectively, followed by incubation in the dark at room temperature (20°C) for 15 min. Finally, the optical density (OD) was measured at a wavelength of 450 nm with a microplate reader within 15 min, and the levels of MMP-9, TNF-α and IL-6 were calculated.

### Evaluation criteria

Criteria of determining different degrees of CHB: the liver tissue inflammation was divided into 5 grades and the fibrosis was divided into 5 stages ([@b8-etm-0-0-6673]) ([Table II](#tII-etm-0-0-6673){ref-type="table"}). A total of 5 ml venous blood was collected from every research object in the two groups, and the serum MMP-9, TNF-α and IL-6 levels were measured using ELISA.

### Statistical analysis

Statistical Product and Service Solutions (SPSS) 19.0 (IBM Corp., Armonk, NY, USA) software was applied to process the data. The measurement data are presented as mean ± standard deviation, and t-test was adopted. The enumeration data were expressed by ratio, and χ^2^ test was performed. The expression of MMP-9 in different degrees of lesion was examined via rank sum test, and the P-value was calibrated using Bonferroni method. Pearsons correlation coefficients were utilized to analyze the correlations. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### MMP-9, TNF-α and IL-6 expression in the two groups of research objects

The levels of serum MMP-9, TNF-α and IL-6 in the observation group were obviously higher than those in the control group (P\<0.05) ([Table III](#tIII-etm-0-0-6673){ref-type="table"}).

### MMP-9 expression in different inflammation grades

The MMP-9 expression level was increased with the aggravated inflammation activity, and the differences were statistically significant among the 5 groups (P\<0.05) ([Table IV](#tIV-etm-0-0-6673){ref-type="table"}). It is indicated in the rank sum test that there is statistical significance in the MMP-9 level among different inflammation grades (P\<0.05). Pairwise comparisons using the Bonferroni method suggest that the differences in MMP-9 level among the groups are statistically significant (P\<0.05).

### MMP-9 expression in different fibrosis stages

The MMP-9 expression level was elevated with the increased fibrosis stage, and the differences among the 5 groups were statistically significant (P\<0.05) ([Table V](#tV-etm-0-0-6673){ref-type="table"}). It is indicated in the rank sum test that there is statistical significance in the MMP-9 level in different fibrosis stages (P\<0.05). Pairwise comparison using the Bonferroni method suggest that the differences in MMP-9 level among the groups are statistically significant (P\<0.05).

### Analysis of correlation of MMP-9 expression level with inflammation

Pearsons correlation coefficient analysis showed that the MMP-9 expression level was positively correlated with TNF-α and IL-6 (P\<0.05) ([Figs. 1](#f1-etm-0-0-6673){ref-type="fig"} and [2](#f2-etm-0-0-6673){ref-type="fig"}).

Discussion
==========

The liver, a vital organ in the body that is responsible for various kinds of biotransformation and storage, plays an important role in the synthesis of coagulation factors, storage and metabolism of fats and proteins as well as secretion and detoxication of bile ([@b9-etm-0-0-6673]). Multiple types of hepatitis occur easily after the liver is infected by pathogens, dominated by CHB which has the highest incidence rate among the infectious diseases of the digestive system ([@b10-etm-0-0-6673]). According to the report of the World Health Organization (WHO), there are approximately 350 million CHB patients around the globe, including nearly 28 million patients in China, where the incidence rate is \~2% ([@b11-etm-0-0-6673]). CHB can easily develop into liver cirrhosis and result in liver cancer if it is not treated in time ([@b12-etm-0-0-6673]). The pathogenesis of CHB is very complex, which has not been elaborated completely yet. It may be related to impacts of multiple factors, such as hepatitis virus, apoptosis-related gene, autoimmunity and cell molecules ([@b13-etm-0-0-6673]). The pathological manifestations of CHB include massive apoptosis of hepatocytes, severe liver dysfunction and abnormal biochemical markers of liver function. Currently, there is no ideal therapeutic method for CHB in clinic, and the major treatment strategies are stimulation of the patient\'s immune responses and repression of HBV replication ([@b14-etm-0-0-6673]).

MMP-9 is a kind of gelatinase substance secreted by many cells, such as neutrophils, macrophages and capillary endothelial cells, and it is a member of matrix metalloproteinases (MMPs) ([@b15-etm-0-0-6673]). MMP-9 can participate in the metabolism of collagen type IV in basement membrane, degrade ECM and be widely involved in multiple types of tumor metastasis by degrading ECM. In addition, it can induce basic fibroblast growth factor and vascular endothelial growth factor and promote tumor neovascularization ([@b16-etm-0-0-6673]). A study has revealed that MMP-9 is closely related to CHB ([@b17-etm-0-0-6673]). TNF-α is the first inflammatory mediator produced in the body, which plays a core role in the occurrence and development of CHB and has crucial functions in the induction of inflammatory responses, anti-infection and host defense ([@b18-etm-0-0-6673]). IL-6 is a kind of lymphocyte factor of acute phase reaction with diversified effects, which accelerates the proliferation of myofibroblasts and leads to liver fibrosis in CHB patients ([@b19-etm-0-0-6673]). The results of this study showed that the levels of serum MMP-9, TNF-α and IL-6 in CHB patients were significantly higher than those in normal population (P\<0.05). It is because the main pathological change of CHB is inflammation in the liver. The peripheral blood mononuclear cell (PBMC) may inhibit and attenuate the body\'s antiviral immune responses through exogenous and endogenous apoptotic pathways, thus causing constant replication of HBV. Moreover, it may activate inflammatory responses, thus increasing the levels of TNF-α and IL-6 ([@b20-etm-0-0-6673]). The activities of MMPs in the body are controlled strictly under normal conditions, and the MMP-9 remains at a relatively low level. However, in CHB patients with pathological inflammation, inflammatory factors may promote the expression of MMP-9, thus increasing its level. It was indicated by the results of this study that there were remarkable differences in the MMP-9 expression in CHB patients with varying inflammation grades (P\<0.05), and that the MMP-9 expression level was increased with the aggravated inflammation activity. The reason is that MMP-9 is mainly secreted by inflammatory cells (macrophages and T cells), and TNF-α, IL-6 and other inflammatory mediators released at the early stage of inflammation can enhance the MMP-9 expression which is consistent with the severity of hepatic inflammation.

An appropriate amount of MMP-9 can degrade ECM deposited temporarily, and it can promote the reconstruction of basement membrane, thus triggering liver fibrosis. However, the liver fibrosis in CHB patients is a pathological repair process of the liver parenchyma against chronic injuries. The results of this study indicated that the differences in the MMP-9 expression in CHB patients with different fibrosis stages were significant (P\<0.05). It is because only a small amount of MMP-9 is secreted in the body at stage S0. At that moment, the production and degradation of ECM is maintained in a state of homeostasis. With the progression of CHB, however, the state of homeostasis is broken, a large amount of ECM is accumulated in the liver, and liver fibrosis is triggered, thus increasing the fibrosis stage. At this time, massive MMP-9 is secreted in the body to decompose ECM, and pathological repair is conducted by the body itself. MMP-9 level has a positive correlation with fibrosis stage, playing a crucial role in the development of CHB.

In this study, Pearson correlation coefficient analysis showed that the MMP-9 expression level was positively correlated with TNF-α and IL-6 (P\<0.05). This is because TNF-α and IL-6 can influence the expression of MMP-9 and upregulate the activity of MMP-9 in a concentration- and time-dependent manner, while overexpressed MMP-9 can degrade ECM to destroy the basement membrane and cause disorganized and loose tissue structures, thus leading to further infiltration of TNF-α and IL-6. These factors interact with each other and form a vicious cycle, further resulting in pathological changes of the liver.

In conclusion, MMP-9 can be regarded as a serological marker for judging the severity and progression of CHB, which has very important clinical significance.
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###### 

Comparison of general data of the two groups of patients.

  Items                                               Control group (n=60)   Observation group (n=60)   t/χ^2^   P-value
  --------------------------------------------------- ---------------------- -------------------------- -------- ---------
  Sex (male/female)                                   35/25                  57/39                      0.047    0.828
  Age (years)                                         40--80                 40--75                              
  Average age (years)                                 52.36±8.46             52.78±7.58                 0.322    0.748
  BMI (kg/m^2^)                                       23.28±1.15             23.56±1.17                 1.464    0.145
  Education level (n, %)                                                                                         
    Junior high school and below                      16 (26.67)             25 (26.04)                 0.126    0.939
    Senior high school and special secondary school   25 (41.67)             38 (39.58)                          
    College and above                                 19 (31.63)             33 (34.38)                          

BMI, body mass index.

###### 

Criteria of determining degrees of liver tissue inflammation and fibrosis.

  Liver tissue inflammation                                                                                                   Grade   Fibrosis degree                                                                                         Stage
  --------------------------------------------------------------------------------------------------------------------------- ------- ------------------------------------------------------------------------------------------------------- -------
  No inflammation                                                                                                             0       No fibrosis                                                                                             0
  Intralobar degeneration and a few spotted and focal necrotic foci, and inflammation in portal area                          1       Expanded fibrosis in portal area, localized fibrosis in lobule and perisinusoidal space                 1
  Intralobar degeneration and spotted and focal necrosis or eosinophilic bodies, and mild piecemeal necrosis in portal area   2       Fibrosis around portal area, formation of fibrous septa, and reservation of lobular architecture        2
  Intralobar degeneration and confluent necrosis or bridging necrosis, and moderate piecemeal necrosis in portal area         3       Formation of fibrous septa associated with disorganized lobular architecture, without liver cirrhosis   3
  Extensive bridging necrosis affecting several lobules, and severe piecemeal necrosis in portal area                         4       Liver cirrhosis at early stage                                                                          4

###### 

Comparison of MMP-9, TNF-α and IL-6 levels in the two groups of patients.

  Groups        n    MMP-9 (ng/ml)   TNF-α (ng/l)   IL-6 (ng/ml)
  ------------- ---- --------------- -------------- --------------
  Observation   96   256.95±15.13    79.97±6.47     56.76±6.38
  Control       60   90.69±9.06      26.73±6.86     4.43±1.27
  t value            76.884          48.853         77.932
  P-value            \<0.001         \<0.001        \<0.001

MMP-9, matrix metalloproteinase-9; TNF-α, tumor necrosis factor-α; IL-6, interleukin-6.

###### 

Relations between MMP-9 level and different inflammation grades.

  Inflammation grade   n    MMP-9 (ng/ml)   P-value
  -------------------- ---- --------------- ---------
  G0                   16   98.95±9.13      \<0.001
  G1                   30   143.69±9.56     
  G2                   26   218.95±13.13    
  G3                   18   283.69±16.06    
  G4                   6    318.69±20.06    

MMP-9, matrix metalloproteinase-9.

###### 

Association of MMP-9 level with different stages of fibrosis.

  Fibrosis stage   n    MMP-9 (ng/ml)   P-value
  ---------------- ---- --------------- ---------
  S0               19   97.49±9.04      \<0.001
  S1               28   153.58±10.45    
  S2               25   218.37±15.42    
  S3               17   298.65±17.46    
  S4               7    343.84±21.12    

MMP-9, matrix metalloproteinase-9.
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